Abstract Genetic testing for BRCA genes, associated with hereditary breast-ovarian cancer risk, is an accepted cancer control strategy. BRCA genetic testing has both medical and psychosocial implications for individuals seeking testing and their family members. However, promoting open and adaptive communication about cancer risk in the family is challenging for parents of minor children. Using prospective data collected from mothers undergoing BRCA genetic testing and their untested coparents (N = 102 parenting dyads), we examined how maternal and co-parent characteristics independently and conjointly influenced the overall quality of parent-child communication with minor children. 
Introduction
Over the past two decades, genetic counseling and testing for mutations in the BRCA1 and BRCA2 (BRCA) and other genes has become a widely available and accepted component of hereditary cancer risk assessment and management [1] [2] [3] . Women who are carriers of a pathogenic BRCA mutation face heightened risks for breast (BRCA1: 44-78 % risk; BRCA2: 31-56 % risk) and ovarian (BRCA1: 18-54 % risk; BRCA2: 2.4-19 % risk) cancers [4] . If a woman learns her BRCA mutation status, she can gain valuable information to guide decisions about risk management and prevention strategies including prophylactic surgery, enhanced screening, and chemoprevention. This form of genetic testing also has important psychosocial implications, as individuals undergoing genetic testing have been observed to experience heightened anxiety, depression, and worry about cancer [5] [6] [7] . Additionally, because BRCA mutations are inherited in an autosomal dominant manner, women undergoing genetic testing will acquire risk information relevant to their family members. For instance, a BRCA mutation carrier's first-degree relatives (i.e., biological parents, siblings, and children) each have a 50 % likelihood of possessing the same cancerpredisposing gene. Although not at genetic risk themselves, spouses can also experience concerns and distress regarding the future health of a mutation carrier and their at-risk children [8] . Thus, the BRCA genetic testing process affects the health and well-being of not only individuals seeking testing, but also their untested family members [9] [10] [11] .
Family communication plays a central role in cancer genetic testing, allowing for the sharing of health risk information, the receipt and provision of social support, and the promotion of adaptive coping efforts [12] . In this context, patterns of communication that are open and expressive can be beneficial for the entire family. For example, the gathering and dissemination of family cancer experiences and genetic testing results across generations can help shape family members' understanding of their cancer risks and prevention options [13, 14] . Prior research has also demonstrated that open family communication is an important factor for adaptive child functioning when a parent has been diagnosed with cancer [15] . Furthermore, children in families affected with a genetic condition experience worries and concerns about their health and the health of their parents [16] : greater open communication is associated with higher levels of children's emotional and psychological resiliency, as well as with adaptive responses to their own inherited disease risks [17] . More broadly, communication within families about hereditary and genetic disease risk has also focused on cystic fibrosis [18] , hemophilia [19] , Huntington's disease [20] , inherited retinal disease [21] , and heart disease [22] . As such, parents can benefit from open communication with their parenting partners and children. Individuals undergoing hereditary cancer risk testing have reported lower levels of cancerspecific distress and worry when they have open communication with their partner and with their children [23] .
Although there are substantial benefits to open communication about hereditary cancer risk in the family, achieving or maintaining such communication patterns may be challenging given the diverse medical and psychosocial implications of genetic testing. Indeed, prior work has demonstrated that among hereditary breastovarian cancer families, those who sought genetic testing subsequently reported poorer outcomes related to family expressiveness and cohesion than did those who refused testing [24] . Similarly, men and women having BRCA genetic testing reported a significant decline in their perceived family cohesion and family emotional bonding following testing [25] . Parents of minor children who seek genetic testing may be particularly vulnerable to communication-related challenges, as they must navigate decisions about whether, when, and how to share aspects of their genetic testing experience with their children and adult relatives. Although many parents undergoing genetic testing ultimately disclose risk information to their children [26] [27] [28] , others do not. All parents struggle with balancing a respect for keeping children informed about health risks in the family with a desire to protect them from potentially distressing information that they may not be cognitively or emotionally prepared to receive or able to medically act upon [29] . Members of parenting dyads (e.g., mothers and their co-parents) can also differ in their motivations for communicating about genetic testing with their children [30] , which contributes to family communication discord and difficulty.
It appears that genetic testing strains families' normal communication processes, impacting not only disclosure of genetic test results, but also the overall quality of communication. In the case of parents and their children, identifying factors that promote or inhibit open parentchild communication about familial cancer is essential because it permits anticipation, guidance, and preparation for cancer prevention. Past work suggests that parental communication about BRCA is influenced by aspects of the parenting relationship and by parental coping behaviors: mothers are more likely to discuss BRCA with their coparents when they perceive a stronger parenting alliance (i.e., commitment and cooperation regarding childrearing) [31, 32] . Additionally, parents are more likely to have open conversations about their own BRCA genetic test results with their minor children when employing more active coping strategies such as seeking social support and expressing their emotions [26] . Whether or not these factors are associated with the overall quality of parent-child communication among families undergoing BRCA genetic testing remains to be seen. Although such processes occur in the context of a dynamic and complex family system [12, 33] , prior studies have not examined independent effects of an individual parent's perceptions and behaviors on communication with her/his children, or effects that are interdependent upon the co-parent.
The present study sought to address these gaps in the literature by examining how characteristics of both members of a parenting dyad influence the quality of their communication with children in the context of hereditary breast-ovarian cancer risk. Specifically, we examined how both parents' perceptions, including the perceived quality of their parenting relationship, stress, and coping appraisals regarding communicating about maternal BRCA genetic test results with children, independently and conjointly influence parent-child communication. Consistent with past research and the Actor-Partner Interdependence Model (APIM) framework [34, 35] , which identifies the dyadic influences of both actor (i.e., own) and partner (i.e., co-parent/parenting partner) effects on a given outcome, we hypothesized that greater parenting relationship quality would be associated with more open parent-child communication (both Actor and Partner effects). We also hypothesized that lower perceived stress regarding communicating with children about BRCA and greater confidence in the ability to cope with communicating about BRCA results to children would be associated with more open parent-child communication (both Actor and Partner effects).
Materials and methods

Setting
Data for this analysis originated from a prospective study of family communication of BRCA genetic test results. Descriptions of the overall study methods have been published previously [28, 36, 37] . Briefly, participants were mothers who underwent genetic counseling and testing for BRCA mutations and their untested parenting partners (i.e., co-parents). In order to participate in the study, women had to: (1) be at least 18 years of age; (2) obtain BRCA testing by providing a DNA sample; and (3) be mother to at least one child between 8 and 21 years of age. The lower age was selected based on research suggesting that children begin to learn of their mothers' genetic breast-ovarian cancer risk at this age [26, 27] . The upper age was selected because young people may be considered for genetic testing beginning at age 18, although medical interventions for cancer risk reduction are not recommended until age 25 [2] . Co-parents completed study interviews but did not undergo genetic testing themselves. Mothers and co-parents were enrolled at three cancer centers in the United States, all of which have well-established clinical hereditary breast/ovarian cancer risk and prevention research programs.
Procedures
Study procedures were approved by the Institutional Review Boards at each participating clinical site. Mothers were recruited for participation by a cancer genetic counselor at the conclusion of their pre-test genetic counseling appointment and after providing a DNA sample for BRCA analysis. For mothers with a parenting partner, they were informed that their co-parent had an opportunity to participate in the study. Written informed consent was obtained from all participants. Mothers provided detailed information about their children, including children's age, gender, birth order, and birth relationship (e.g., biological, step-child). For mothers with more than one child, a computer algorithm was used to randomly select a target child within the study age range for reference on assessments. This process was developed to reduce selection bias that may occur when parents are asked to choose a target child [38] . Mothers and their co-parents completed telephone interviews at baseline and 1 month following their posttest counseling session (when a genetic counselor informed them of the mother's BRCA genetic test results), and again 6 months after posttest counseling. A modest incentive of a $5 gift card was provided upon completion of each study assessment. Descriptions of the parent study sample of mothers and co-parents completing baseline and follow-up interviews, including comparisons of sample characteristics across study data collection points, are available elsewhere [28, 39] .
Participants
In total, 121 mother and co-parent dyads were enrolled in the study and completed a baseline assessment. The sample for this analysis included the 102 dyads (84 % of the total) where both members of the dyad completed telephone interviews at baseline and 6 months follow-up. Compared with dyads that were not included in analyses because one or more members of the couple did not complete a followup (n = 19), those who were included (n = 102) were more likely to be non-Hispanic white (as reported by the mother: 87 versus 63 %, p = 0.009). There were no other statistically significant differences based on demographic or clinical characteristics. In total, 98 % (n = 100) of coparents were male and 89 % (n = 91) were biological parents of the target child.
Measures
Demographic and clinical information
Demographic information was obtained in the baseline interview for mothers and co-parents (age, gender, race, education, household income, marital status), and their target child (age, gender). Maternal clinical information collected included proband status (i.e., the first affected family member to seek BRCA genetic counseling/testing), and family history of breast/ovarian cancer. Mothers' genetic test results (true negative, negative uninformative [i.e., no mutation identified in a member of a kindred without a known mutation], positive) were abstracted from their clinical records.
Parenting alliance
Parenting relationship quality was assessed using a reliable and valid self-report scale, the Parenting Alliance Measure [40, 41] . The PAM is a 20-item measure of the strength of the child-rearing relationship between two parents (e.g., ''When there is a problem with our child, we work out a good solution together.''). Responses are based on a five point Likert-type scale (1 = Strongly disagree, 5 = Strongly agree) and summed to create a total score with a range from 20 to 100. Higher scores indicate stronger and more positive parenting alliance. Internal consistency of the PAM among mothers and co-parents in the sample was high (Cronbach a's [ 0.90).
Cognitive appraisals of parent-child communication
According to the Transactional Model of Stress and Coping, cognitive appraisal is a two-part process during which mental impressions are formed about the stress associated with a specific event (i.e., primary appraisals) and one's confidence in the ability to cope with the event (i.e., secondary appraisals) [42] . At baseline, we assessed primary and secondary appraisals among mothers and co-parents with items developed to capture perceived stress and confidence related to communicating with their child about maternal BRCA genetic test results and the consequences of this communication. These items were developed and validated in prior studies of women's cognitive appraisals of the BRCA genetic counseling and testing process and adapted for use in genetic family communication research [43, 44] .
Since items were administered during baseline interviews prior to receipt of the mother's genetic test results, participants responded to separate sets of items assessing primary and secondary appraisals based on the possibility of receiving a positive or negative test result. In total, mothers and co-parents responded to 12 items assessing cognitive appraisals: primary (three items) and secondary (three items) appraisals in the event of a positive test result, and corresponding items in the event of a negative test result. Each set of items was introduced by statements such as: ''Let's assume your (your child's mother's) test result is negative, meaning you (she) do not (does not) carry a known mutation in BRCA.'' Primary appraisal items captured how stressful it would be to talk with their child(ren) about the test result, deal with the impact of the test result for themselves, and deal with the impact of the test result for their child(ren). For secondary appraisals, a similar set of items assessed how confident parents were in talking with their child(ren) about the test results, dealing with the impact for themselves, and dealing with the impact for their child(ren). Responses to all items were based on a four point Likert-type scale (1 = Not at all, 4 = Very). Scores for each set of items were summed to create a continuous variable with higher values indicating greater stress (primary appraisals, range 3-12) and greater confidence in communicating test results to offspring (secondary appraisals, range 3-12). For analyses, we created variables for primary and secondary appraisals using scores derived from the sets of items that were specific to the mother's actual test result only (positive or negative/negative uninformative). Internal consistency reliability was high (Cronbach a's [ 0.80), except for the set of items assessing co-parents' primary appraisals in the event of a negative test result where internal consistency was lower (Cronbach's a = 0.67). This was due to one item with a modest item-total correlation (r = 0.38).
Parent-child communication
The 20-item Parent-Adolescent Communication (PAC) scale was administered at baseline and follow-up to capture the quality of the parent-child communication relationship [45] . The PAC is a valid and reliable measure of openness (e.g., ''I find it easy to discuss problems with my child.'') and problems (e.g., ''I don't think I can tell my child how I really feel about some things.'') in parent-child communication. Items are based on a five point Likert-type response and summed to create a total score (range 20-100). Higher values indicate more open, less problematic parent-child communication. The PAC had good reliability among mothers and co-parents at both time points (all Cronbach a's [ 0.75).
Statistical analysis
Statistical analysis involved several steps. First, descriptive statistics were used to examine distributional properties of all variables and to characterize the sample. Bivariate tests (i.e., t tests, Pearson's r correlation) were used to examine differences between mothers and co-parents on predictor and outcome variables and correlations of predictor and outcome variables among participant classes. Descriptive statistics and bivariate tests were conducted using SAS 9.3 (SAS Institute, Cary, NC). Structural equation modeling was conducted using Mplus 7.1 (Muthen & Muthen, Los Angeles, CA) to examine the interdependent relationships of mothers' and co-parents' parent-child communication at follow-up using the APIM. This allows for examination of relationships among interdependent dyads by modeling both ''Actor'' (i.e., own) and ''Partner'' effects (i.e., coparent). The APIM estimates Actor effects controlling for Partner effects and vice versa, taking into account the correlated nature of observations within dyads [34, 35] .
Parenting dyad members were distinguishable in the dataset as either mother/actor or co-parent/partner. Following the APIM approach for distinguishable dyads, a just-identified (i.e., saturated) model with zero degrees of freedom was created first based on the hypothesized relationships [34, 35] . In order to obtain initial model fit estimates and to provide a comparison for subsequent models, a zero correlation constraint was applied for two baseline predictor variables given the results of bivariate analyses and findings from the saturated model [46] . Additional constraints were imposed to test whether Actor and Partner effects were equal by using the Wald v 2 statistics. P values [0.05 from the Wald test were considered to indicate that parameters of interest could be constrained to be equal without adversely affecting model fit [34, 35] .
The [26] .
Results
Sample characteristics
Participant characteristics (N = 102 parenting dyads) are shown in Table 1 . Mothers and co-parents were mostly non-Hispanic white (87.2 %), had attained a college education or higher (C75 %), and were married or living as married ([90 %). Compared with co-parents, mothers reported a more open and less problematic parent-child communication relationship at baseline (t = 4.02, p \ 0.001) and 6 months (t = 2.51, p = 0.014). Compared to mothers, co-parents were significantly older (t = 4.81, p \ 0.001).
Bivariate analyses
Bivariate correlations among parent-child communication, parenting alliance, and cognitive appraisal variables are shown in Table 2 The results of bivariate analyses conducted between the demographic and clinical characteristics shown in Table 1 and mothers' and co-parents' parent-child communication at follow-up revealed that none were significantly associated with these outcomes of interest (data not shown).
Actor-partner interdependence models
To obtain an initial model fit estimate from the just-identified model, the correlation between maternal parenting alliance at baseline and co-parents' baseline secondary appraisals was constrained to equal zero. This constraint was selected because the correlation between these two variables was close to zero and not statistically significant in bivariate analyses (r = 0.004, p = 0.97; see Table 2 ). This initial model was a good fit for the data (Model v In addition, greater confidence in co-parents' ability to cope with maternal genetic test results at baseline (i.e., secondary appraisal) was associated with a more open parent-child communication relationship at follow-up for mothers (B = 0.67, p = 0.036). These findings lend support to the discovery of both actor and partner APIM effects in the data for mothers, but not for co-parents. In the final model, a stronger parenting alliance at baseline among co-parents was also associated with more open and less problematic parent-child communication at follow-up (B = 0.17, p = 0.036). Overall, the model explained 70 and 66 % of the variance in follow-up parent-child communication among mothers and co-parents, respectively.
Discussion
Results of the present study confirmed that for families facing the challenge of genetic testing for hereditary breastovarian cancer risk, the perceptions and behaviors of both parenting partners have implications for the ways in which they communicate with their minor children. Some of the observed effects were independent in nature. For example, Actor effects were observed such that BRCA-tested mothers' and co-parents' patterns of more open and less problematic parent-child communication prior to genetic testing were positively associated with their respective communication patterns 6 months after genetic testing. As hypothesized, co-parents with a stronger parenting alliance reported better communication with their children. However, a similar association was not found among mothers. It is possible that shared childrearing goals with the individual undergoing genetic testing is more important for the parenting partner not directly involved in genetic testing. A stronger parenting alliance may also assist co-parents in understanding maternal preferences and expectations about family communication and, in turn, communicate more freely and openly with their children. Given the complexity of the family system, we had also predicted that one parent's characteristics would directly influence the communication experiences of the other parent. Such effects were only observed for co-parents, as their parent-child communication and communication coping appraisals at baseline were associated with maternal parent-child communication 6 months after the receipt of BRCA test results. This suggests that for mothers undergoing genetic testing, their parenting partners play an important role in promoting healthy mother-child communication. By establishing a pattern of open Modeling the dyadic effects of parenting, stress, and coping on parent-child communication… 519 communication with their children and expressing confidence in their own ability to cope with discussing BRCA test results with children, co-parents may implicitly or explicitly mitigate maternal concerns and buffer against stressors that could lead to poor mother-child communication outcomes. This notion is consistent with prior research in predictive genetic testing for hereditary cancer risk, which found that people who experience less support from their relationship partners tended to have more adverse effects on their interactions with their children [48] . Although we hypothesized that there would be both Actor and Partner effects of parents' primary appraisals of the stress associated with communicating about BRCA testing to children on subsequent parent-child communications, no such effects were observed. However, it is important to note that the participants in this sample generally reported low levels of stress (Actor primary appraisals [M, SD] = 4.2, 2.2; Partners' primary appraisals [M, SD] = 4.2, 2.0; range 3-12), which may be in part attributable to the fact that most mothers received negative/ negative uninformative test results. Thus, it is not known how these cognitive appraisals may independently or conjointly affect the quality of parent-child communication for those who perceive such conversations as more distressing.
Strengths, limitations, and future directions
Through the use of a prospective design and the inclusion of both members of a parenting dyad, this study provides valuable insights into how the characteristics of both parents can influence the overall quality of communication with their minor children when mothers are undergoing cancer genetic counseling and testing. However, it is not known to what extent these results may be generalizable to the broader population of families utilizing other forms of genetic testing. The study sample consisted of parents who were predominantly non-Hispanic white, well-educated, and married, and included mothers with primarily negative/ negative uninformative genetic test results. Furthermore, study participants reported generally low primary appraisals of the stress associated with communicating BRCA test results to their children, and high levels of parenting alliance. The effects of parents' perceptions of their parenting relationship and their stress and coping appraisals on the quality of their parent-child communication may be different in families who are more diverse, in contexts where the gender of the parent and parenting partner are opposite from those studied herein (e.g., fathers undergoing genetic testing with untested mothers) or the same (e.g., same-sex couples), in families who are subjected to greater psychosocial stress due to the receipt of pathogenic results, and/or who report poorer premorbid relationship functioning. Finally, this study relied on parents' self-reported assessments and the primary measures (PAM, PAC) did not assess parenting and communication styles specifically related to genetic information per se. Nevertheless, both measures have been used in previous studies of family functioning in health, cancer, and disease aggregation contexts [49] [50] [51] [52] [53] . Future studies that incorporate data derived from direct observation, genetic family communication, and the perspectives of minor children themselves may improve our understanding of how parental factors contribute to a healthy family communication environment.
Additional research is necessary to more fully understand which factors promote open parent-child communication in diverse familial and genetic testing contexts, including those contexts in which parents and families are likely to be most vulnerable (e.g., following the receipt of a pathogenic test result, those with poor parenting relationship quality, those coping with a current cancer diagnosis) and to identify factors that are amenable to intervention efforts. The results demonstrated that co-parents' communication patterns and cognitive appraisals had important implications for the ways in which BRCA-tested mothers communicated with their children, and that their parenting relationship influenced their communication practices. Data suggested that co-parents played critical roles in shaping and maintaining open parent-child communication environments when families were subjected to the stressor of genetic testing for cancer risk. Future interventions must aim to incorporate and address the needs of parents as a means of promoting adaptive family communication and adjustment.
Conclusions
Genetic testing for hereditary breast-ovarian cancer risk affects not only the individual seeking testing, but family members as well. When the individual seeking testing is a parent of a young child, the challenges associated with genetic testing may be particularly pronounced and have far-reaching effects on family functioning and cancer preventive behaviors, including cancer risk communication. The present study demonstrated that the characteristics of both members of a parenting dyad, their existing patterns of communication, quality of the parenting relationship, and confidence in the ability to cope with communicating genetic test results to their children, all influenced the overall quality of parent-child communication that occurred in this context. Open family communication had benefits for all kindred members, and promoting such adaptive patterns of behavior among those seeking cancer genetic testing and their families requires consideration of multiple perspectives of agents in the family system. Acknowledgments This work was supported by National Institutes of Health Grants R01HG02686 and K18HG006754 to Kenneth P. Tercyak. Jada G. Hamilton was supported by National Institutes of Health Grant P30CA08748. We would like to thank Judy Garber, Andrea Patenaude, Beth Peshkin, and Katherine Schneider for their contributions to this research.
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